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Class 12 Linear Differential Equation 
Class 12th  

Formation of Differential Equations 
Q.1) From the D.E. of the family of curves represented by 𝑐(𝑦 + 𝑐)2 = 𝑥3 where 𝑐 is a 

parameter. 

Sol.1) Given 𝑐(𝑦 + 𝑐)2 = 𝑥3 …….. (i) 

Diff. wrt 𝑥,
2𝑐(𝑦+𝑐)𝑑𝑦

𝑑𝑥
= 3𝑥2 …… (ii) 

Divide (𝑖) ÷ (𝑖𝑖) 

⇒
𝑐(𝑦−𝑐)2

2𝑐(𝑦−𝑐)
𝑑𝑦

𝑑𝑥

=
𝑥3

3𝑥2  

⇒
(𝑦+𝑐)

2𝑐(𝑦+𝑐)
𝑑𝑦

𝑑𝑥
 
=

𝑥3

3𝑥2  

Put 𝑦 + 𝑐 and 𝑐 in eq. (i) 

∴ (
2𝑥

3

𝑑𝑦

𝑑𝑥
− 𝑦) (

2𝑥

3

𝑑𝑦

𝑑𝑥
)

2
= 𝑥3  

⇒ (
2𝑥

3

𝑑𝑦

𝑑𝑥
− 𝑦) (

4𝑥2

9
) (

𝑑𝑦

𝑑𝑥
)

2
= 𝑥3  

⇒
8

27
𝑥 (

𝑑𝑦

𝑑𝑥
)

3
−

4𝑦

9
𝑦 (

𝑑𝑦

𝑑𝑧
)

2
= 𝑥  

⇒ 8𝑥 (
𝑑𝑦

𝑑𝑥
)

3
− 12𝑦 (

𝑑𝑦

𝑑𝑥
)

2
= 27𝑥 is the required solution. ans. 

Q.2) Form the D.E. corresponding to 𝑦2 = 𝑎(𝑏 − 𝑥)(𝑏 + 𝑥) where 𝑎 & 𝑏 are parameters. 

Sol.2) We have, 𝑦2 = 𝑎(𝑏2 − 𝑥2) ……. (i) 

Diff. w.r.t. 𝑥, 2𝑦
𝑑𝑦

𝑑𝑥
= 𝑎(0 − 2𝑥) 

⇒ 𝑦
𝑑𝑦

𝑑𝑥
= −0𝑎𝑥 …(ii) 

Diff. again w.r.t. 𝑥,
𝑑2𝑦

𝑑𝑥2 + (
𝑑𝑦

𝑑𝑥
)

2
= −𝑎 

⇒ 𝑦
𝑑2𝑦

𝑑𝑥2 + (
𝑑𝑦

𝑑𝑥
)

2
=

𝑦

𝑥

𝑑𝑦

𝑑𝑥
  {𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟𝑦 – 𝑎 𝑓𝑜𝑟𝑚 𝑜𝑓 𝑒𝑞. (𝑖𝑖)} 

⇒ 𝑥𝑦
𝑑2𝑦

𝑑𝑥2 + 𝑥 (
𝑑𝑦

𝑑𝑥
)

2
− 𝑦

𝑑𝑦

𝑑𝑥
= 0  ans.  

Q.3) Form the D.E. of the family of curve 𝑦 = 𝑎𝑒𝑏𝑥 where 𝑎 & 𝑏 are parameter. 

Sol.3) We have, 𝑦 = 𝑎𝑒𝑏𝑥 …… (i) 

Diff. wrt 𝑥 
𝑑𝑦

𝑑𝑥
= 𝑏𝑎𝑒𝑏𝑥  

⇒
𝑑𝑦

𝑑𝑥
= 𝑏𝑦  ….(ii)  …… {𝑓𝑟𝑜𝑚 𝑒𝑞. (𝑖)𝑦 = 𝑦 = 𝑎𝑒𝑏𝑥} 

Diff. again w.r.t. 𝑥, 
𝑑2𝑦

𝑑𝑥2 = 𝑏
𝑑𝑦

𝑑𝑥
 …. (iii) 
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⇒
𝑑2𝑦

𝑑𝑥2 = (
1

𝑦

𝑑𝑦

𝑑𝑥
)

𝑑𝑦

𝑑𝑥
  …… {𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟𝑦 𝑏 =

1

𝑦

𝑑𝑦

𝑑𝑥
 𝑓𝑟𝑜𝑚 (𝑖𝑖)} 

⇒ 𝑦
𝑑2𝑦

𝑑𝑥2 = (
𝑑𝑦

𝑑𝑥
)

2
= 0 is the eq. D.E. ans. 

Q.4) For the D.E. of the family of curve 𝑦 = 𝐴𝑒2𝑥 + 𝐵𝑒−3𝑥. 

Sol.4) We have, 𝑦 = 𝐴𝑒2𝑥 + 𝐵𝑒−3𝑥 …. (i) 

Diff. w.r.t 𝑥, 
𝑑𝑦

𝑑𝑥
= 2𝐴𝑒2𝑥 − 3𝐵𝑒−3𝑥  

⇒
𝑑𝑦

𝑑𝑥
= 2𝐴𝑒2𝑥 − 3(𝑦 − 𝐴𝑒2𝑥) ……. {𝑓𝑟𝑜𝑚 𝑒𝑞. (𝑖)} 

⇒
𝑑𝑦

𝑑𝑥
= 5𝐴𝑒2𝑥 − 3𝑦 ………… (ii) 

Diff. wrt 𝑥,  
𝑑2𝑦

𝑑𝑥2 = 10𝐴𝑒2𝑥 − 3
𝑑𝑦

𝑑𝑥
 … (iii) 

From (ii) 𝐴𝑒2𝑥 =
1

5
(

𝑑𝑦

𝑑𝑥
+ 3𝑦) put in eq. (iii) 

𝑑2𝑦

𝑑𝑥2 = 10[
1

5
(

𝑑𝑦

𝑑𝑥
+ 3𝑦] −

3𝑑𝑦

𝑑𝑥
  

⇒
𝑑2𝑦

𝑑𝑥2 = 2
𝑑𝑦

𝑑𝑥
+ 6𝑦 −

3𝑑𝑦

𝑑𝑥
⇒

𝑑2𝑦

𝑑𝑥2 +
𝑑𝑦

𝑑𝑥
= 6𝑦 ans. 

Q.5) Form the D.E. of the family of curve 𝑦 = 𝑒𝑥(𝐴 cos 𝑥 + 𝐵 sin 𝑥). 

Sol.5) We have, 𝑦 = 𝑒𝑥(𝐴 cos 𝑥 + 𝐵 sin 𝑥) …… (i) 

Diff. w.r.t. 𝑥, 
𝑑𝑦

𝑑𝑥
= 𝑒𝑥(−𝐴 sin 𝑥 + 𝐵 cos 𝑥) + (𝐴 cos 𝑥 + 𝐵 sin 𝑥)𝑒𝑥  

⇒
𝑑𝑦

𝑑𝑥
= 𝑒𝑥(−𝐴 sin 𝑥 + 𝐵 cos 𝑥) + 𝑦 …..(ii)  (from eq.(i)) 

Diff. again w.r.t. 𝑥, 
𝑑2𝑦

𝑑𝑥2 = 𝑒𝑥(−𝐴 cos 𝑥 − 𝐵 sin 𝑥) + (−𝐴 sin 𝑥 + 𝐵 cos 𝑥)𝑒𝑥 +
𝑑𝑦

𝑑𝑥
  

⇒
𝑑2𝑦

𝑑𝑥2 = −𝑦 +
𝑑𝑦

𝑑𝑥
− 𝑦 +

𝑑𝑦

𝑑𝑥
  ….. (using (i) & (ii)) 

⇒
𝑑2𝑦

𝑑𝑥2 −
2𝑑𝑦

𝑑𝑥
+ 2𝑦 = 0  is the required D.E.  ans. 

Q.6) Find the D.E. of all the circle touching 𝑥 − 𝑎𝑥𝑖𝑠 at the origin. 

Sol.6) Equation of circle touching 𝑥 − 𝑎𝑥𝑖𝑠 at the origin is given by  

(𝑥 − 0)2 + (𝑦 − 𝑘)2 = 𝑘2 ….(i)  

Where 𝑘 is a parameter 

Diff. w.r.t 𝑥, 

2𝑥 + 2(𝑦 − 𝑘)
𝑑𝑦

𝑑𝑥
= 0  

⇒ 𝑦 − 𝑘 =
−𝑥
𝑑𝑦

𝑑𝑥

  

⇒ 𝑘 = 𝑦 +
𝑥

𝑑𝑦

𝑑𝑥

  

Put 𝑦 − 𝑘 and 𝑘 in eq. (i) 
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𝑥2 +
𝑥2

(
𝑑𝑦

𝑑𝑥
)

2 = (𝑦 +
𝑥

𝑑𝑦

𝑑𝑥

)

2

  

⇒ 𝑥2 +
𝑥2

(
𝑑𝑦

𝑑𝑥
)

2 = 𝑦2 +
𝑥2

(
𝑑𝑦

𝑑𝑥
)

2 +
2𝑥𝑦

𝑑𝑦

𝑑𝑥

  

⇒
(𝑥2−𝑦2)𝑑𝑦

𝑑𝑥
= 2𝑥𝑦 is the required D.E.   ans. 

Q.7) Form the differential equation of family of circles in the second quadrant and touching 

the coordinate axis. 

Sol.7) The equation is of the form (𝑥 + 𝑎)2 + (𝑦 − 𝑎)2 = 𝑎2 

Differentiating w.r.t 𝑥 

2(𝑥 + 𝑎) + 2(𝑦 − 𝑎). 𝑦′ = 0 

Therefore 𝑎 =
𝑥+𝑦𝑦′

𝑦′−1
 

Substituting in the first equation, 

(𝑥 +
𝑥+𝑦𝑦′

𝑦′−1
)

2

+ (𝑦 −
𝑥+𝑦𝑦′

𝑦′−1
)

2

= [
𝑥+𝑦𝑦′

𝑦′−1
]

2

   

On expanding and simplifying we get, 

(𝑥𝑦′ + 𝑦𝑥′)2 + (2𝑦𝑦′ + 𝑥 − 𝑦)2 = (𝑥 + 𝑦𝑦′)2 is the required solution  ans. 

Q.8) Obtain the D.E. of all the circles with radius 𝑟. 

Sol.8) Let centre is (𝑎, 𝑏) the equation of circle is  

(𝑥 − 𝑎)2 + (𝑦 − 𝑏)2 = 𝑟2 …. (i) 

Diff. w.r.t. 𝑥, 

2(𝑥 − 𝑎) + 2(𝑦 − 𝑏)
𝑑𝑦

𝑑𝑥
= 0   

⇒ 𝑥 − 𝑎 + (𝑦 − 𝑏)
𝑑𝑦

𝑑𝑥
= 0  …. (ii) 

Diff. again w.r.t 𝑥, 

⇒ 1 + (𝑦 − 𝑏)
𝑑2𝑦

𝑑𝑥2 + (
𝑑𝑦

𝑑𝑥
)

2
= 0  

⇒ (𝑥 − 𝑎) =
(1+(

𝑑𝑦

𝑑𝑥
)

2
)

𝑑2𝑦

𝑑𝑥2

.
𝑑𝑦

𝑑𝑥
= 0    

⇒ 𝑥 − 𝑎 =
[1+(

𝑑𝑦

𝑑𝑥
)

2
].

𝑑𝑦

𝑑𝑥

(
𝑑2𝑦

𝑑𝑥2)
  

Put value of (𝑥 − 𝑎) & (𝑦 − 𝑏) in eq. (i) we get 

(1+(
𝑑𝑦

𝑑𝑥
)

2
).(

𝑑𝑦

𝑑𝑥
)

(
𝑑2𝑦

𝑑𝑥2)
2 +

(1+(
𝑑𝑦

𝑑𝑥
)

2
)

2

(
𝑑2𝑦

𝑑𝑥2)
2 = 𝑟2  

⇒ (1 + (
𝑑𝑦

𝑑𝑥
)

2
)

2

((
𝑑𝑦

𝑑𝑥
)

2
+ 1) = 𝑟2 (

𝑑2𝑦

𝑑𝑥2)
2

= 𝑟2 (
𝑑2𝑦

𝑑𝑥2)
2

  

⇒ (1 + (
𝑑𝑦

𝑑𝑥
)

2
)

3

= 𝑟2. (
𝑑2𝑦

𝑑𝑥2
) is the required D.E.  ans. 
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Q.9) Find the D.E. of the family of parabolas having their axis of symmetry coincident with the 

axis of 𝑥. 

Sol.9) Vertex is (ℎ, 𝑎) 

Equation of parabola is given by  

(𝑦 − 0)2 = 4𝑎(𝑥 − ℎ) ………. (i) 

Where 𝑎 & ℎ are parameter 

Diff. w.r.t. 𝑥, 

2𝑦
𝑑𝑦

𝑑𝑥
= 4𝑎(1 − 0)  

⇒ 𝑦
𝑑𝑦

𝑑𝑥
= 2𝑎 …… (ii) 

Diff. again w.r.t. 𝑥, 

𝑦 (
𝑑2𝑦

𝑑𝑥2) + (
𝑑𝑦

𝑑𝑥
)

2
= 0 is the required D.E.  ans. 

Q.10) Form the D.E. of the family of ellipses having foci on 𝑦 − 𝑎𝑥𝑖𝑠 and centre at the origin. 

Sol.10) Equation of ellipse is  
𝑥2

𝑎2 +
𝑦2

𝑏2 = 1 ……… (i) 

Where 𝑎 & 𝑏 are parameter 

Diff. w.r.t. 𝑥, 

2𝑥

𝑎2 +
2𝑦 (

𝑑𝑦

𝑑𝑥
)

𝑏2 = 0  

⇒
𝑥

𝑎2 +
𝑦

𝑑𝑦

𝑑𝑥

𝑏2 = 0  …… (ii) 

Diff. again w.r.t 𝑥, 

1

𝑎2 +
𝑦 (

𝑑2𝑦

𝑑𝑥
)+(

𝑑𝑦

𝑑𝑥
)

2

𝑏2 = 0  ……. (iii) 

From eq. (ii) 
1

𝑎2 = −
𝑦

𝑑𝑦

𝑑𝑥

𝑏2𝑥
 put in eq.(iii) 

⇒ −
𝑦

𝑑𝑦

𝑑𝑥

𝑏2𝑥
+ −

𝑦(
𝑑𝑦

𝑑𝑥
)

2
+(

𝑑𝑦

𝑑𝑥
)

2

𝑏2 = 0  

⇒ −𝑦
𝑑𝑦

𝑑𝑥
𝑥. 𝑦 (

𝑑𝑦

𝑑𝑥
)

2
+ 𝑥 (

𝑑𝑦

𝑑𝑥
)

2
= 0 ans. 
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